High-Performance (HP) buildings are known for the holistic approach to design and construction project delivery, which encompasses various performance goals such as energy efficiency, environmental considerations, and occupants' wellbeing. Compared to traditional buildings, HP projects require closer integration in the design and construction process. Researchers have used conventional qualitative analysis to identify successful strategies in facilitating integration, and quantitative methods of research to rank such techniques in order of effectiveness. However, there have not been significant attempts in evaluating the joint causal effect of such strategies and uncovering the causal mechanisms that underlie successful HP projects.
The U.S. Energy Independence and Security Act of 2007 defines a highperformance building as "a building that integrates and optimizes on a life cycle basis all major high performance attributes, including energy conservation, environment, safety, security, durability, accessibility, cost-benefit, productivity, sustainability, functionality, and operational considerations." To achieve this, designers and builders use a holistic approach to respond to occupants, environment, and societies' needs. Achieving such holistic vision, requires a whole system approach that allows optimization among envelope, structural, mechanical, electrical, and architectural systems, by considering their long-term impact of social, ecological, and economic consequences. This highly complex process indicates the need for a shift from traditional sequential design and construction process towards a more integrated approach that is capable of utilizing a range of new skills, outlooks, and resources (7group, 2009; Chiocchio, et al., 2011; Kibert, 2012; Yudelson, 2008) .
While there are many studies on finding and ranking the new strategies to facilitate such practices, there is little work done in contextualizing those techniques and finding complementarities among them. Such study would provide a better understanding of the causal complexities embedded in HP projects and can provide guidelines for practitioners to help them strategizing and choosing the techniques that best matches with the context of their organization and project characteristics. In this study we attempt to address this existing gap by finding and discussing the contributing elements to one of the successful types of HP projects.
In this paper we review the literatures to identify integration elements that could facilitate design and construction of HP projects. We then discuss an emerging research methodology called fs-QCA, and use it to test the role of project team integration for achieving HP buildings.
LITERATURE REVIEW: INTEGRATED PRACTICES & HP PROJECTS
Construction, Engineering, and Management (CEM) literature defines integration as the process of sharing information, joint problem-solving and joint decision-making, which requires alignment of disciplinary cultures and goals towards a single cohesive and mutually supporting team (Baiden et. al., 2006; Dulaimi et al., 2002) . In this paper, we use the term integrated practices to refer to work processes that involve integration among different professionals within or across organizational boundaries (a different and broader term than Integrated Project Delivery). In the context of HP buildings, integrated practices differ from current typical industry project deliveries in that project stakeholders such as architects, engineers, contractors, and owners collaborate earlier in the design process so that they can collectively find the synergies among various factors affecting energy performance of the building over the life cycle of a project (Azari et al., 2013) .
Researchers performing qualitative studies have identified various elements facilitating integration. These elements can be categorized as followed: 1) contractual agreements, 2) Leadership elements such as communication systems, 3) information technology such as Building Information Modeling (BIM), and 4) integrative processes such as holding design charretes (Dossick et al, 2009; Homayouni et al., 2010; Korkmaz, 2010; CMAA, 2010) Quantitative and comparative methods of research, on the other hand, revealed that among the many elements facilitating integration early involvement of key participants, owner commitment, compatibility of the team members and sharing a common goal among them, early inclusion of sustainability goals, and design charrettes are more effective in facilitating integration to achieve sustainability goals. These studies suggest that leadership elements and owner commitment affect the level of integration more that selection of a more integrated project delivery method (Korkmaz, 2010; Nofera and Korkmaz, 2010) .
ANALYZING ORGANIZATIONAL COMPLEXITIES: FS-QCA METHOD
Organizational elements are often interrelated in studying AEC teams. The analysis of organizational complexities of HP projects requires an in-depth knowledge of cases such that complementarities of causal elements, resulting in higher energy efficiency in these cases, are taken into account. Conventional quantitative methods of research fall short in studying complementarities among causal elements and understanding patterns in organizational cultures and processes. Likewise, Qualitative methods of research fail to gain such understanding because of the cumbersomeness of performing in-depth studies on large number of cases (Ragin 1987) .
Qualitative Comparative Analysis (QCA), developed by Ragin (1987) , on the other hand, is capable of analyzing complexities embedded in social, organizational, and technological aspects of Architectural, Engineering, and Construction (AEC) projects (Homayouni et al, 2011; Jordan et al., 2011) . QCA uses Boolean algebra and is based on the premise of finding equi-final causal recipes for producing an outcome by studying medium-sized number of cases. Each causal recipe consists of a combination of "INUS" conditions (variables are called conditions in QCA). An "INUS" condition is a causal condition that when considered alone is "Insufficient" for producing an outcome but is a "Necessary" part of a causal recipe, which is itself "Unnecessary" but "Sufficient" for producing the outcome. In other words, an INUS condition needs the context of the other conditions to achieve the desired outcome; and there are several sufficient recipes for achieving the same outcome. QCA allows researchers to deal with this complexity and draw causal inferences . Ragin (2000 Ragin ( , 2008 argues for the use of fuzzy sets for analyzing causal complexities in fuzzy sets-QCA (fs-QCA) method. In contrast with dichotomized conditions in crisp sets, fuzzy sets address the diversity in which elements belong to a set. However, much more than being continuous, fuzzy sets are heavily infused with theory and experimentation. We used the fuzzy set approach to account for fuzziness implicit in many conditions in construction projects.
Fs-QCA method can be used for formulating new theories as well as testing existing theories or hypothesis (Berg-Schlosser, 2009; Jordan et al., 2011) . While an exploratory approach can be taken to identify and interpret existing patterns among selected cases for achieving outcome, we used this method to test the accuracy and applicability of a theory by looking for specific patterns among our cases.
APPLYING THE FS-QCA METHOD
We developed the initial hypothesis for this study based on the four areas identified in the literature as effective in facilitating integrated practices: contractual agreements (set name CONT), leadership (LEAD), information (INFO), and processes (PROC). The goal of this study is to see if these elements do in fact represent the four main causal conditions in achieving high energy efficiency (ENERGY) within HP projects. In set theoretic terms, this means to test if these conditions are all INUS conditions in the causal recipe representing join presence of the four conditions for achieving the ENERGY condition. We can also demonstrate the hypothesis using a set-theoretic formula, with * representing logical 'and' (Boolean Multiplication):
Hypothesis: CONT*LEAD*INFO*PROC=> ENERGY
In selecting our population of cases we chose a set of HP projects from 2005-2013 based on the recognition they received by the American Institute of Architects Committee On The Environment (AIA/COTE). In QCA method, it is common to have a purposive sampling method to insure diversity in causal and outcome conditions. External validity of the results come from purposive selection of cases that do not support the hypothesis or support the counter intuitive ones, as we explain in the implementation section (Rohlfing & Schneider, 2013) .
Next, we designed a web-based survey to capture various aspects of each of the integration elements specified in the hypothesis. We sent the survey to over 150 architects related to 90 AIA/COTE awarded projects, and received 33 responses associated with 33 different projects.
Calibration of the Causal Conditions
Although for each causal condition, there are many contributing elements which could potentially be considered as a separate condition, we decided to limit the number of causal conditions in our study as much as possible, to avoid over reliance on supposition and theory rather than data and knowledge of cases (Ragin, 1987) . Accordingly, we started the analysis with the original four conditions and for each one chose one or a few strategies or themes as sub-conditions. For each subcondition, we used theory to determine the cross-over point (where maximum ambiguity happens), the threshold for full membership, and the threshold for full nonmembership in the sets. We also, used theory and our knowledge of cases to determine what constitute a meaningful variation to build intervals of our fuzzy sets.
After calibrating the sub-conditions, we used theory to establish a coding scheme for combining the sub-condition sets in each causal condition. We reiterated these steps and revised our categorization and calibration strategies as we were experimenting and building our truth table. Table 1 shows the final coding scheme.
The fifth condition, "Setting Ambitious Environmental Objectives" (PROC), which is not listed in the table, is calibrated based on the relative weight of the ambitious environmental objectives set in the beginning of the design process, as evaluated by the researchers. Examples include achieving net-zero energy buildings, creating a national model, contributing to the understanding of the earth's natural systems, creating a healthy environment, and improving users' behavior. 1) Insuring case diversity. In QCA studies, it is important to work with a set of cases that vary both in their causal and outcome conditions. In this study, because we chose a set of cases that were all considered successful based on the industry standards, many of the sub-conditions contributing to the LEAD, and PROS conditions had little variation, representing cases that were more in that out of the sets. Consequently, we changed the definition of those sets (e.g. superior leadership) and created more variation by increasing the threshold values. 2) Contradictory configuration test. Resolving contradictory configurations in QCA, is an important and a labor intensive part of the analysis which helps to identify the link between conditions and the outcome as 'causation' and gives us a better understanding of the causal mechanism that strike the outcome (Rohlfing & Schneider, 2013) . In this step we reviewed cases in which all conditions were present resulting in negation of the outcome. We reviewed such cases in a more qualitative way and performed various thought experiments to determine what has caused the contradiction. This examination let us to find two 'INUS' conditions that had been omitted from the original hypothesis: "Setting Ambitious Environmental Objectives", and "Human-related Norms". The first condition replaced the two previously selected sub-conditions of "Embracing Innovation" and "Holding Charrettes," while the later formed a new INUS condition called NORM. This condition is theoretically categorized under the leadership element, but emerged as a separate INUS condition, due to its different pattern from the other sub-categories in the leadership condition. 3) Resolving counter-intuitive configurations. Similar to contradictory configuration test, we insure causal relationship between conditions and the outcome by checking the opposite configurations, where negation of the causal condition should theoretically happen, but does not. Accordingly, in this phase, we looked for cases in which all of the causal conditions were absent, but resulted in presence of the outcome. This examination also gave us a better understanding of the causal mechanism and led us to re-calibrate or re-define some of the sets, as we found elements that were not contributing to the causal mechanisms but were included in the conditions. For instance, we found that the sub-condition of "architects' involvement in the construction process" although part of the LEAD condition, does not contribute to the "causal mechanism". Thus, we redefined the LEAD condition by removing the over-fitting sub-condition from the set.
Performing the above procedures empowered us to make a judgment on whether all the conditions specified on the hypothesis are in fact an INUS condition. We found that among the five defined causal conditions in the hypothesis, integration of contractual agreements (CONT) does not contribute to the mechanism that leads to designing higher energy efficient buildings, and thus needs to be dropped from the causal recipe. We further confirmed this finding using the two set-theoretic terms of "consistency" and "raw coverage". Consistency value represents the degree to which cases following a certain causal recipe agree in displaying the outcome, while raw coverage value represents the degree to which a causal recipe accounts for incidence of an outcome (Ragin, 2008) . As represented below, the causal recipe containing the CONT condition has a lower coverage from the causal recipe without this condition: In the next phase of the analysis, we engaged in the thought experiment of reviewing counter-factual configurations (i.e. configurations that are not observed by any cases) to test if the causal recipe can be minimized further. Minimization of a causal recipe is to see if there is theoretically an intelligible basis for dropping an INUS condition from the recipe on the basis that it does not make a difference on the outcome (Rohlfing & Schneider, 2013) . We found that in our causal recipe there are two counter-factual configurations that can potentially lead to more parsimonious solutions; One with LEAD, and the other with NORM conditions being absent while other conditions are present. However, in both cases, we chose to keep the conditions in the causal recipe as our substantive knowledge led us to believe if such configurations would exist, they would have led to negation of the outcome. Dropping these conditions from the causal recipe would also lead to contradictions in our truth table as discussed. We, therefor, chose to keep the two INUS conditions in the causal recipe although their elimination would have led to a more parsimonious causal recipe with consistency values over the threshold of 0.8.
Interpretation of Results
The results of this study suggests that co-presence of the four elements of "Setting Ambitious Environmental Objectives", "Early & Frequent Involvement of the Team members", "Commitment & Integrity of Team members", and "Implementation of BIM Technologies" during the design and construction of HP projects triggers a causal mechanism that leads to achieving higher energy efficient buildings. This causal mechanism as inferred from the case studies and QCA analysis could be described as followed:
Successful implementation of BIM technologies can help in building trust in data and processes, while commitment and integrity of the team members help in building trust in people. The resulted high level of trust would open the team members towards sharing with and learning from each other. Frequent productive meetings reinforce this cross-disciplinary team learning that can help with the complex problems high performance buildings face. Ambitious environmental objectives often reflect the owners' support and also create the ultimate organizational environment for system thinking and team learning. During the whole design process, team members work in concert from the beginning as the design evolves. The use of BIM technologies also plays a key role in facilitating system thinking by providing features such as design review, energy simulation and lighting analysis, contributing to both high performance design and team coordination for multidisciplinary problem solving.
Although in many types of projects more integrated forms of contractual agreements can be causally related to achieving higher energy efficiency, our study shows that in presence of the described causal mechanism, it is not. This observation can be theoretically justified by addressing the four major benefits of integrated contractual agreements: 1) Stipulating the duties that team members owe to one another. In presence of the described causal mechanism, team members exceed contractual obligations on the basis of ambitiousness, integrity and trust. 2) Bringing the contractors earlier in the process. Although the design team can benefit from the construction team's input to resolves issues of constructability, waste management, and value engineering, these issues are not directly related to the problem of energy efficiency. 3) Adding financial incentives for collaboration. The early integration of the team members, which starts from the pre-design phase, can help with better cost estimation of the project to insure the profitability of projects for all parties. Here, willingness to collaborate comes from higher level goals such as creating a good teamwork experience rather than shared financial incentives. 4) Choosing the construction team based on their qualifications. Our case studies show that projects have been able to overcome the problem of working with less qualified teams by means of education which is a center piece in the described causal mechanism. In the case of Design-Bid projects, this education can happen in pre-bid conferences addressing the sustainability objectives of the project as well as responsibilities of the construction team in achieving them. This causal recipe is based on activating a causal mechanism that could be described as a whole design process based on an environment of trust, openness and ambitiousness. Such environment provides an ideal setting for collaborative decision making to achieve higher level goals such as increasing energy efficiency, gaining independence form many limitations caused by lack of integration support by contractual agreements.
CONCLUSION & FUTURE WORK
The current study can be complemented by performing an exploratory fs-QCA analysis and finding other causal recipes for achieving higher energy efficiency within HP projects. Our current analysis shows that creating such typologies requires considering other conditions in the analysis such as "project complexity" and "Use of on-site renewable energies" to resolve further contradictions in the truth table as more typologies of energy efficient buildings emerge.
